LIGHT-EMITTING DEVICE 



The present application is based on Japanese Patent 
Application No. 2001-60972, which is incorporated herein by 
5 reference . 

BACKGROUND OF THE INVENTION 
ig 1. Field of the Invention 

jcas _ — 

g [0001] 

: y 10 The present invention relates to a light-emitting device 

iU provided with a light-emitting element. The light-emitting 

m 

* device according to the invention may be used, for example, 

9 

^ as a light source for illumination or as a light source for 



any kind of display device, 



b 

15 2. Description of the Related Art 



[0002] 

A configuration shown in Fig. 6 is known as the 
configuration of a light-emitting device using a light-emitting 
element. Fig. 6 typically shows an SMD (surf acemounted device) 
2 0 type LED 100.. In the LED 100, a cup- like portion 150 is formed 
on a substrate 120 and a case (reflector) 130, and a 
light-emitting element 110 is disposed in the cup-like portion 
150. Further, the cup-like portion 150 is filled with a sealing 
member 140 (of a light-transmissible resin) . 
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A surface of the case 130 facing the light-emitting element 
110 are selected to have such a shape and a material so that 
light irradiated from the light-emitting element 110 onto the 
surface can be reflected by the surface so as to be used as 
light in a direction of an optical axis. For example, a shape 
shown in Fig. 6 is made of a white resin which contains a white 
filler dispersed in a polymer resin. The case 130 configured 
as described above is used so that light irradiated from the 
light-emitting element 110 onto the surface of the case 130 
can be partially converted into light in the direction of the 
optical axis so as to be radiated to the outside. 

[0003] 

In the LED configured as described above, a part of light 
which has been emitted from the light-emitting element 110 and 
has reached the surface of the case 130 is irregularly reflected 
or diffused by the surface of the case 130, so that the part 
of light cannot be used as light radiated to the outside. This 
unfavorable result is assumed to be causedby the light reflected 
by the surface of the case 130 which is a surface of the filler 
grains (-different from a flat, surface having, a predetermined 
angle to irradiated light) . As described above, it cannot be 
said that the light-emitting device having the related-art 
configuration can utilize light emission of the light-emitting 
element sufficiently and effectively. There is still a room 



for improvement in emission efficiency. 



SUMMARY OF THE INVENTION 
The invention is developed in consideration of these 
5 circumstances, and an object of the invention is to provide 
a light-emitting device which can emit light with high luminance 
by effectively using light emitted from a light-emitting 

1^ element. 

Q 

Q [0004] 

m 

\J 10 To achieve the foregoing object, the invention uses the 

it! following configuration. 

m 

■ 5 A light-emitting device having: 

w 

Q 

m 
o 

ru 

15 which the light-emitting element is mounted; 



a light-emitting element; 

a case including a cup-like portion having a bottom on 



a sealing member with which the cup- like portion is filled 
so that the light-emitting element is covered with the seal 
material ; and 

a low-refractive-index layer having a refractive index 
20 lower than that of the sealing member -and formed between the 
sealing member and a surface of the case shaping a side surface 
of the cup-like portion. 
[0005] 

In this configuration, the sealing member and the 
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low-refractive-index layer are disposed between the 
light-emitting element and the surface of the case shaping the 
cup-like portion, in the order of increasing distance from the 
light-emitting element side. Hence, light emitted from the 
light-emitting element and traveling toward the surface of the 
case (that is, light emitted in a direction of alienation from 
an optical axis) passes through the sealing member and is made 
incident on the low-refractive-index layer. On this occasion, 



|3 among light incident from the sealing member side onto the 

9\ 10 low-refractive-index layer, rays having incidence angles of 



not lower than a predetermined angle are totally reflected by 
the interface between the sealing member and the 



ijj low-refractive-index layer because the refractive index of the 

a 

\£\ low-refractive-index layer is lower than that of the sealing 

O 

.FU 15 member. That is, the interface serves as a reflection surface, 
so that light incident on the low-refractive-index layer can 
be reflected by the interface so as to be converted into light 
in the direction of the optical axis. As a result, externally 
radiant efficiency is enhanced so that light can be emitted 
2 0 with high luminance . According to the inventors' examination, 
it has been found that a light-emitting device with very high 
luminance is formed by use of this configuration. Details of 
this finding will be understood by referring to the following 
description of embodiments. 
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As described above, a light-emitting device with high 
light-emitting efficiency can be provided because the 
configuration of the invention is quite different from the 
related-art configuration in that the interface between the 
5 sealing member and the low-refractive-index layer is used as 
a reflection surface. 

Features and advantages of the invention will be evident 
from the following detailed description of the preferred 
S3 embodiments described in conjunction with the attached 

g 

-SO 10 drawings. 

ru 

^ BRIEF DESCRIPTION OF THE DRAWINGS 

i2 

a 

iji In the accompanying drawings: 

fp Fig. 1 is a view typically showing the configuration of 

3 

ItJ 15 a light-emitting diode which is an embodiment of the invention; 

Fig. 2 is a view typically showing the configuration of 
a light-emitting element constituting the light-emitting 
diode; 

Fig. 3 is a view for explaining a state of radiation of 
20 light in the light-emitting diode;- 

Figs . 4A and 4B are graphs showing the difference between 
characteristics of luminous intensity distributions of 
light- emit ting diodes before and after a sealing member is peeled 
from a surface of a reflector in the embodiment, Fig. 4A being 



5 



a graph showing characteristic of the three-dimensional 
luminous intensity distribution before peeling, Fig. 4B 
graphically shows characteristic of the three-dimensional 
luminous intensity distribution after peeling; 
5 Fig. 5 is a view typically showing the configuration of 

a light-emitting diode which is another embodiment of the 
invention; and 

Fig. 6 is a view showing a light-emitting diode having 

P a related-art configuration. 

0 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0006] 

Constituent members of a light-emitting device according 
to the invention will be described below. 



a 

UJ 

a 
m 

Q 

Ty 15 (Light-Emitting Element) 



A light-emitting element of any configuration can be used 
without any particular limitation on kind. For example, a 
light-emitting element including at least one Group III nitride 
compound semiconductor layer may be used. 
2 0 [0007] 
(Case) 

The case is a member including a cup-like portion having 
a bottom on which the light-emitting element is mounted. The 
cup-like portion has a bottom and a side surface to thereby 
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form a space shaped so "that the area of a section perpendicular 
to an optical axis increases continuously or stepwise viewed 
from the bottom toward a position where light emerges from the 
light-emitting device. In a range satisfying this condition, 
5 the bottom and the side surface are not particularly limited 
in shape. 

The concept "case" in this specification contains a case 
constituted by a combination of a plurality of members in the 
Q case where a cup-like portion is formed by such a combination 

a 

GQ 10 of the plurality of members, as well as a case constituted by 

H 

l § t a single member having a cup-like portion. Specific examples 

IU 

of the case include: a case which is formed by arranging another 

S3 

member to thereby form a cup-like portion on an approximately 

Q 

\J\ flat substrate or lead frame (in this case, a part of a surface 

PU 15 of the substrate or lead frame forms a bottom of the cup-like 
portion and a part of a surface of the other member forms a 
side surface of the cup-like portion) ; and a case constituted 
by a lead frame having a portion molded into a cup shape. 
[0008] 

2 0 The material for forming- the case is not particularly 

limited but a portion of the case shaping the side surface of 
the cup-like portion may be preferably made of a reflective 
material, more preferably a material with high reflectance. 
When the case is made of a reflective material, a surface of 
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the case serves as a reflection surface. Hence, light which 
has been emitted from the light-emitting element and has reached 
the surface of the case can be reflected by the surface of the 
case, so that the light can be converted into light in the 
direction of the optical axis. As a result, improvement in 
externally radiant efficiency of the light-emitting device can 
be attained. It is preferable from the point of view of 
reflecting efficiency that the surface of the case is made as 
smooth as possible. This is because total reflection occurs 
more easily on the surface of the case as the surface of the 
case is smoother. Further, the angle of the surface of the 
case can be designed in consideration of reflecting efficiency 
in the direction of the optical axis. The angle is preferably 
selected to be in a range of from 20° to 60°, more preferably 
in a range of from 40° to 50° , with respect to the optical axis 
of the light-emitting element. 
[0009] 

For example, a material containing a white filler can 
be used as the reflective material. For example, white 
liquid-crystal polymer, or white -material-containing 
Polyphthalamide may be used. Alternatively, a metal such as 
aluminum or silver may be used as the reflective material. 

Incidentally, when the low-refractive-index layer is 
constituted by a gap between the sealing member and the. surface 
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of the case as will be described later, it is preferable that 
the linear expansion coefficient of the reflective material 
of the case is small. It is also preferable that the adhesion 
of the reflective material of the case to the sealing member 
5 is low. This is because the low-refractive-index layer 

constituted by the gap can be formed easily when the sealing 
member is thermally hardened and contracted in the condition 
that such a reflective material is used. 
Q [0010] 

p 

f!)0 10 (Sealing Member) 

The sealing member is a member with which the cup-like 

m 
IJ1 



portion of the case is filled so that the light-emitting element 
is covered with the sealing member. The sealing member is 



P 
UJ 

o 

ifl providedmainly for the purpose of protecting the light-emitting 

h 

i*y 15 element from the external environment. The material of the 
sealing member is not particularly limited so long as the 
material can transmit light. For example, silicone resin, 
epoxy resin, urea resin or glass can be used as the material 
of the sealing member . Because these materials have different 
2 0 characteristics against light, temperature, etc. from one 
another, suitable one may be selected from these materials in 
consideration of the emission wavelength of the light-emitting 
element used and the use conditionof the light-emitting element . 
[0011] 
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The sealing member may be made of aplurality of materials . 
For example, the sealing member may be provided as follows. 
Aplurality of layers made of different materials are laminated 
on the light-emitting element to thereby form the sealing member 
on the light-emitting element. In this case, a layer of a 
material having durability against light emission of the 
light-emitting element may be preferably provided in the 
vicinity of the light-emitting element. When, for example, 
an element emitting ultraviolet light is used as the 
light-emitting element, a layer of a silicone resin relatively 
durable against ultraviolet light may be preferably provided 
in the vicinity of the light-emitting element. 

[0012] 

The sealing member may contain a fluorescent substance. 
The use of the fluorescent substance permits a part of light 
from the light-emitting element to be converted into light with 
a different wavelength and permits the color of light emitted 
from the light-emitting device to be changed or corrected. Any 
material canbe usedas the fluorescent substance if thematerial 
can be excited by light emitted from the light-emitting element . 
The fluorescent substance is selected in consideration of the 
color of light emitted from the light-emitting device, the 
durability of the light-emitting device, and so on. The 
fluorescent substance may be dispersed uniformly in the sealing 
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member or may be localized in a partial region of the sealing 
member. When, for example, the fluorescent substance is 
localized in the vicinity of the light-emitting element, light 
emitted from the light-emitting element can be irradiated onto 
the fluorescent substance efficiently. 
[0013] 

The sealing member may contain a combination of various 
kinds of fluorescent substances. In this case, a fluorescent 
substance emitting light when the fluorescent substance is 
excited by light emitted from the light-emitting element , and 
another fluorescent substance emitting light when the other 
fluorescent substance is excited by light emitted from the 
first-mentioned fluorescent substance may be used in 
combination . 

The sealingmember may contain a light-dif f usingmaterial 
so that diffusion of light in the sealing member can be 
accelerated to reduce light emission unevenness . Particularly 
in the configuration in which the fluorescent substance is used 
as described above, the light-diffusing material can be 
preferably used in order" to- acce-lera-te color mixing of light 
emitted from the light-emitting element and light emitted from 
the fluorescent substance to thereby reduce emission color 
unevenness . 

[0014] 



(Low-Refractive-Index Layer) 

The low-refractive-index layer has a refractive index 
lower than that of the sealing member. The 

low-refractive-index layer is f ormedbetween the sealingmember 
and the surface of the case shaping the side surface of the 
cup-like portion. The low-refractive-index layer is provided 
for reflecting a part of light, emitted from the light-emitting 
element, by the interface between the sealing member and the 
low-refractive-index layer to thereby convert the part of light 
into light in the direction of the optical axis. 

The low-refractive-index is not particularly limited if 
the refractive index of the low-refractive-index layer is lower 
than that of the sealing member. For example, a resin having 
a refractive index lower than that of the sealing member can 
be used as the material of the low-refractive-index layer. 
Preferably, a material having a refractive index largely 
different from that of the sealing member may be used. In a 
preferred mode, a gap is provided between the sealing member 
and the surface of the case shaping the cup-like portion so 
that the gap is used as the low— ref ractive-index layer . That 
is, an air layer provided between the sealing member and the 
surface of the case is used as the low-refractive-index layer. 
When, for example, a silicone or epoxy resin is used as the 
sealingmember on this occasion, the refractive index difference 



between the sealing member and the low-refractive-index layer 
is large because the refractive index of the resin used is in 
a range of from about 1 . 4 to about 1.5 whereas the refractive 
index of air is 1.0. Hence, light emitted from the 
light-emitting element and made incident from the sealing member 
side onto the low-refractive-index layer can be totally 
reflected easily,- so that a larger part of light can be reflected 
by the interface between the sealing member and the 
low-refractive-index layer and used as light in the direction 
of the optical axis. 
[0015] 

When a gap between the sealing member and the surface 

of the case shaping the side surface of the cup-like portion 

is provided as the low-refract we-index layer in such a manner, 

the end of the gap on the emission observation surface side 

(that is, the end of the cup-like portion on the side opposite 

to the bottom side) is preferably filled with a 

light-transmissible material . That is, it is preferable that 

the gap ( low-ref ractive-index layer) is sealed on the emission 

observation surface/side. As a result, external dust, dirt, 

moisture or the like can be prevented from entering the gap, 

so that improvem/nt in reliability and durability of the 

light-emitting flevice can be attained, 
i 

[0016] 



ru 
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Further, when the gap is provided as thfe 
low-refractive-index layer, it is also preferable that, on the 
bottom side of the cup-like portion, the seaLlng member adheres 
to the surface of the case shaping the side surface of the cup- like 
portion . This arrangement is made for th/purpose of preventing 
peeling of the sealing member and, accordingly, improving 
stability of the light-emitting device. When, for example, 
shrinkage of the bottom side of tine cup-like portion is 
selectively suppressed in the case where a liquid-like sealing 
member is dripped into the cup-li/e portion and thermally shrunk, 
the sealing member can be hamened in the condition that the 
sealing member adheres to the surface of the case on the bottom 
side of the cup-like port/ion. When, for example, grains or 
fine particles of a liglyc-transmission material such as glass 
beads are localized on/the bottom side of the cup-like portion 
in the case where thfe sealing member is thermally hardened, 
the sealing member aan be shrunk selectively as described above . 
On this occasion, /he linear expansion coefficient of the grains 
or fine partic/es of the light-transmissible material is 
preferably smaller than that of the sea-ling, memb.er. 

[0017] 

For example, the low-refractive-index layer can be formed 
by the following method. 

First, the light-emitting element is mounted in the 
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cup-like portion of the case. Then, a liquid-like sealing 
member is dripped into the cup-like portion, and heated to be 
hardened in the condition that the sealing member adheres to 
the surface of the case shaping the side surface of the cup-like 
portion. Then, the sealing member is cooled to be thermally 
shrunk, so that a gap is generated between the sealing member 
and the surface of the case. Incidentally, the sealing member 
may be peeled from the surface of the case by inserting a 
sharp-edged member between the sealing member and the surface 
of the case . By this method, a low-refractive-index layer made 
of an air layer (gap) can be formed between the sealing member 
and the surface of the case shaping the side surface of the 
cup-like portion. 

Alternatively, a material having a refractive index lower 
than that of the sealing member may be applied onto the surface 
of the case shaping the side surface of the cup-like portion 
to thereby provide a low-refractive-index layer in advance. 
Then, the cup-like portion may be filled with the sealing member 
to thereby provide the low-refractive-index layer between the 
sealing member and the surface of the case .... 
[0018] 

The configuration of the invention will be describedbelow 
in more detail with reference to an SMD type light-emitting 
diode which is an embodiment of the invention. 



Fig. 1 is a view typically showing a section of a 
light-emitting diode 1. Briefly, the light-emitting diode 1 
includes a light-emitting element 10, a substrate 20 , areflector 
30, a sealing member 40, and an air layer (gap) 60. The 
5 combination of the substrate 20 and the reflector 30 is 

equivalent to the case in the description. Incidentally, the 
light-emitting diode 1 contains a Zener diode not shown for 
electrostatic withstand voltage. 
Q [0019] 

g 

£8 10 The light-emitting element 10 is a Group III nitride 

jfj compound semiconductor light-emitting element. Fig. 2 

m 

typically shows the configuration of the light-emitting element 

Q 

i_y 10. As shown in Fig. 2, the light-emitting element 10 includes 

b 

\J\ a sapphire substrate, and a plurality of Group III nitride 

Q 

111 15 compound semiconductor layers laminated on the sapphire 
substrate . 

The substrate 20 is an electrically insulating substrate . 
Desired wiring patterns are printed on a surface of the substrate 
20. The light-emitting element 10 is mounted in a desired 
20 position of the substrate 20. 
[0020] 

The reflector 30 is disposed on the substrate 20 so that 
the cup-like portion 50 is constituted by the reflector 30 and 
a part of the surface of the substrate 20. 
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The reflector 30 is made of Vectra (tradename, made by 
Polyplastics Co . , Ltd. ) which is a white liquid-crystal polymer. 
The reflector 30 is molded so that the surface forming the 
cup-like portion 50 makes a desired angle to the optical axis. 
5 In this embodiment, the angle of the surface is selected to 
be about 30° with respect to the optical axis of the 
light-emitting element 10. 

The sealing member 40 is made of a silicone resin. In 
this embodiment, a silicone resin available on the market is 
10 used. 

The air layer 60 is made of a gap provided between the 
sealing member 40 and the surface of the reflector 30. The 
light-emitting diode 1 is produced by the following method. 

[0021] 

15 First, the reflector 30 is disposed on the substrate 20. 

Then, the light-emitting element 10 is mounted and electrodes 
of the light-emitting element 10 are connected to wiring patterns 
on the substrate 20 by lead wires . Then, a liquid-like silicone 
resin (sealing member) is potted in the cup-like portion 50. 

20 Then, the silicone resin is heated at about 150°C to be thermally 
hardened. As a result, the silicone resin becomes familiar 
with the surface of the reflector 30 and is hardened in the 
condition that the silicone resin adheres to the surface of 
the reflector 30. Then, the silicone resin is cooled to a room 
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temperature. As a result, the silicone resin is thermally 
shrunk, so that the silicone resin is peeled from the surface 
of the reflector 30. As a result, a gap (air layer 60) is 
generated between the sealing member 40 and the surface of the 
reflector 30. 
[0022] 

The state of light radiation of the light-emitting diode 
1 will be described below with reference to Fig. 3. Fig. 3 
is an enlarged view typically showing a portion of the air layer 
60. Fig. 3 shows a state in which light 11 emitted from the 
light-emitting element 10 and traveling toward the reflector 
30 is totally reflected by the interface 45 between the sealing 
member 40 and the air layer 60 to thereby be converted into 
light 15 in the direction of the optical axis. In the 
light-emitting diode 1 , the refractive index difference between 
the sealing member 40 and the air layer 60 is large because 
the refractive index of the sealing member 40 is about 1.4 
(silicone resin) whereas the refractive index of the air layer 
60 is 1.0 (air). Hence, total reflection of light as shown 
in Fig. 3 occurs easily on the interface 4 5 between the sealing 
member 40 and the air layer 60, so that a large part of light 
emitted from the light-emitting element 10 and traveling toward 
the reflector 30 can be converted into light in the direction 
of the optical axis. The light in the direction of the optical 
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axis can be radiated to the outside. Incidentally, the 
reference numeral 35 in Fig. 3 designates a white filler 
contained in the reflector 30. 
[0023] 

Then, light-emitting diodes before and after the sealing 
member 40 was peeled from the surface of the reflector 30 (that 
is, a light-emitting diode without the air layer 60 and a 
light-emitting diode with the air layer 60) were prepared. The 
light-emitting characteristics of the two light-emitting 
diodes were examined. Figs. 4A and 4B show results of the 
examination. Fig. 4A is a graph showing characteristic 
three-dimensional luminous intensity distribution of the 
light-emitting diode before peeling. Fig. 4B is a graph showing 
characteristic of three-dimensional luminous intensity 
distribution of the light-emitting diode after peeling. 
Results of luminous intensity measured at observation points 
arranged at intervals of 5° in each of horizontal and vertical 
directions set on the emission observation surface side of each 
light-emitting diode are shown as a three-dimensional graph. 

In the. light-emitting diode before peeling, the luminous 
intensity on the optical axis was 8.01xl0" 7 (W/strad) , and the 
total radiant flux was 2.1xl0" 6 (W) . On the other hand, in the 
light-emitting diode after peeling, the luminous intensity on 
the optical axis was 1.32xl0" 6 (W/strad) , and the total radiant 



flux was 3.42xl0~ 6 (W)". Hence, the luminous intensity on the 
optical axis after peeling is 1.65 times as much as that before 
peeling, and the total radiant flux after peeling is 1.59 times 
as much as that before peeling. It is proved that both the 
5 luminous intensity on the optical axis and the total radiant 
flux increase significantly when the sealing member 40 is peeled 
from the surface of the reflector 30 so that the air layer 60 
is provided between the sealing member 40 and the reflector 
Q 30. 

a 

.00 10 [0024] 

% 

jjS Fig. 5 is a typical view showing a light-emitting diode 

2 having another configuration. In Fig. 5, parts of the 
light-emitting diode 2 the same as those of the light-emitting 

d 

■(jfl diode 1 are referenced correspondingly. In the light-emitting 

Q 

jtJ 15 diode 2, a lead frame 80 is used instead of the substrate. The 
light-emitting element 10 is mounted on the lead frame 80. The 
other configuration is the same as that of the light-emitting 
diode 1 . 

[0025] 

20 Although an SMD type light- emitting diode has been 

described as embodiments to which the invention is applied, 
the invention may be applied also to a so-called round type 
light-emitting diode in which a light-emitting element is 
mounted on a lead frame having a cup-like portion and in which 
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the light-emitting element and a part of the lead frame are 



covered with a sealing member. The invention may be further 



applied to a flip chip type light-emitting element in which 



a light-emitting diode is mounted on a substrate or lead frame 



5 in the form of a so-called flip chip. 



[0026] 



The invention is not at all limited to the description 
on the mode for carrying out the invention andmay contain various 

M 

Q modifications that can be conceived easily by those skilled 

? 

W 10 in the art, without departing from the scope of claim for a 
j^j patent . 
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